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(54) A fuel cell containing stable air electrode material. 

(g) A tubular fuel cell (1) is made, containing a tubular, inner air electrode (3), a solid electrolyte (4), 
substantially surrounding the air electrode, and a porous outer fuel electrode (7), where the solid 
electrolyte and fuel electrode are discontinuous and have inclusion of an electrical interconnection 
material (6), where the air electrode (3) is a material selected from La x CayMn0 3 , where x has a value from 
.60 to .72 and y has a value from .28 to .40, or LaxCayCrJvln^Og, where x has a value from .60 to .72, y has 
a value from .18 to .40, and z has a value from .05 to .15 and where a plurality of fuel cells can be 
electrically connected together. 
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as 3. The cathode 3 is typically 1 millimeter to 3 millimeters thick and can be extruded or isostatically pressed 
to shape and then sintered. An optional stabilized zirconia support tube, not shown, can be used, if necessary, 
to support the air electrode. Over the air electrode is a gas-tight, dense, solid electrolyte 4, typically yttria sta- 
bilized zirconia, about 1 micrometer to about 100 micrometers thick. 

5 A selected longitudinal segment 5 along the axial length of the cell is masked during deposition of the elec- 

trolyte and an interconnect material 6 is deposited on segment 5. The interconnect material 6 must be elec- 
tronically conductive in both an oxygen and fuel environment The interconnect is about 5 micrometers to about 
100 micrometers thick and is typically made of dense lanthanum chromite doped with calcium, strontium, or 
magnesium. Surrounding the remainder of the cell except for the interconnect area is a fuel electrode 7 which 

10 functions as the anode. A typical anode is made of a metal ceramic (cermet) material and is about 30 micro- 
meters to 100 micrometers thick. A coating material 8, which is of the same composition as the anode, can 
also be deposited over the interconnect 6. This material is typically nickel zirconia cermet and is about 50 mi- 
crometers to 100 micrometers thick. 

In operation, a gaseous fuel, such as hydrogen or carbon monoxide, is directed over the outside of the 

15 cell, and a source of oxygen passes through the inside of the cell. The oxygen source forms oxygen ions at 
the air electrode-electrolyte interface, which migrate through the electrolyte material to the anode while elec- 
trons are collected at the cathode, thus generating a flow of electrical current in an external load circuit. A plur- 
ality of similar cells can be electrically connected by contact between the interconnect of one cell and the anode 
of another cell. 

20 The porous air electrode remains exposed to the oxidant gas atmosphere, usually air, during generator 

operation, and oxygen reduction takes place at the air electrode-electrolyte interface. In the tubular ceil con- 
figuration, the air electrode maintains intimate contact with the porous support tube when used, dense elec- 
trolyte, and dense interconnection film. Structural stability of the air electrode is an important requirement for 
maintaining long term mechanical integrity necessary for successful operation of the cell. 

25 The cell length and the air electrode length usually range from 50 cm. to 230 cm. If air electrode length 

was 100 cm, the total heat shrinkage of even 0.05% in a 100 cm. length of porous air electrode in contact with 
dense electrolyte and interconnection would result in a 1/2 mm. difference in length between air electrode, elec- 
trolyte, and interconnection and would result in severe stresses between the materials. A marginal total heat 
shrinkage value would be from 0.03% to 0.04%, and long life commercially acceptable values are thought to 

30 be below about 0.02%. All components of the cell remain, under operating conditions, stable to shrinkage under 
isothermal conditions except the air electrode which has a tendency to shrink when subjected to certain ther- 
mal cycling conditions. This tendency to shrink translates into stresses between the air electrode and adjoining 
components and in some cases can result in cracking failure of individual cells, hampering operation of a mul- 
ticell generator. 

35 The air electrode 3 of this invention has a general formula consisting of LafiayCTj^in^ z O Zt where x has 

a value from 0.60 to 0.72, y has a value from 0.28 to 0.40, and z has a value from 0 to 0.15. To this material, 
from 1 weight % to 12 weight % of Zr0 2 can be added when a calcia stabilized zirconia support tube is used, 
if necessary, to help bonding to the tube. 

Thus, the air electrode can have the chemical formula: La.6o-.72Ca.28-^oMn0 3 when Cr is not a component. 

40 The increased Ca doping makes the material less sensitive to accelerated shrinkage during cooling of the gen- 
erator, which might occur during processing steps, operational malfunctions or special operational procedures. 

Addition of Cr, however, in small amounts, helps to prevent oxygen loss at low oxygen pressures sometimes 
encountered during processing procedures, such as inter-connection or electrolyte deposition at 1200°C to 
1400°C. Chromium when added is preferably within the range of z in the general formula of from .05 to 0.15. 

45 With Cr inclusion, the air electrode can have the chemical formula: La ^ . 72 Ca. 18 . .^Cr^ .15Mn.e5_.95O3. Thus, 
the range of Ca can be lowered 10 atom % when Cr is added over 5 atom %. Inclusion of Cr for a value of z 
less than 0.05 will not appreciably enhance air electrode properties. The air electrode, to be useful in the fuel 
cell will be from about 20% porous to 40% porous (60% to 80% of theoretical density) preferably, from 20% 
porous to 35% porous (60% to 75% of theoretical density). The electrolyte and interconnection are both about 

so 98% to 1 00% of theoretical density. 

The following Examples further illustrate the invention and should not be considered limiting. 

EXAMPLE 1 

55 Sample test bars 2.54 cm. long, 0.635 cm. thick by 0.635 cm. wide were tested for dimensional stability 

during cycling from 25°C to 1000°C and holding for 4 hours, followed by dropping the temperature to 800°C 
and holding for 24 hours, followed by raising the temperature to 1000°C again and holding for 4 hours. Testing 
equipment was a Theta Industries, Dilatronic dilatometer. Individual dried oxide powders were mixed in exact 
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than 0.01 % values of the Table I materials shows the dramatic advantage of the sample compositions of Table 
I. 



5 Claims 

1. A tubular fuel cell comprising a porous tubular inner air electrode, a gas tight solid electrolyte substantially 
surrounding the outer periphery of the air electrode, and a porous outer fuel electrode substantially sur- 
rounding the soiid electrolyte, where the solid electrolyte and fuel electrode are discontinuous and have 

10 inclusion of an electrical interconnection material disposed on the air electrode in the discontinuity of the 

electrolyte, characterized in that the air electrode is a material selected from the group consisting of the 
composition La x Ca y Mn0 3 , where x has a value from .60 to .72 and y has a value from .28 to .40, and the 
composition LaxCayC^Mn^Oa, where x has a value from .60 to .72, y has a value from .18 to .40 and z 
has a value from .05 to .15. 

15 

2. The fuel cell of claim 1, characterized in that the air electrode composition is La x Ca y Mn0 3 , where x has 
a value from .60 to .72 and y has a value from .28 to .40. 

3. The fuel cell of claim 1, characterized in that the air electrode composition is LaxCayOzMn^Oa, where x 
20 has a value from .60 to .72, y has a value from .18 to .40, and z has a value from .05 to .15. 

4. The fuel cell of claim 1 , characterized in that the air electrode is a self-supporting structure. 

5. The fuel cell of claim 1 , characterized in that the air electrode is from 20% porous to 40% porous. 

25 6. The fuel cell of claim 1 , characterized in that the air electrode is from 20% porous to 35% porous. 

7. The fuel cell of claim 1, characterized in that the interconnect is dense and made of doped lanthanum 
chromite, the electrolyte is dense and made of stabilized zirconia, and the fuel electrode is made of nickel 
zirconia cermet. 
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8. The fuel cell of claim 1 electrically connected to a plurality of similar cells. 
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